Objective: Axitinib is a potent and selective inhibitor of vascular endothelial growth factor receptors 1-3. This analysis compared efficacy and safety of axitinib plus gemcitabine in patients with advanced pancreatic cancer from Japan, North America and the European Union, enrolled in a randomized Phase III study. Methods: Patients (n = 632), stratified by disease extent, were randomly assigned (1:1) to receive axitinib/gemcitabine or placebo/gemcitabine. Axitinib was administered at a starting dose of 5 mg orally twice daily and gemcitabine at 1000 mg/m 2 once weekly for 3 weeks in 4 week cycles. Primary endpoint was overall survival. Results: Among Japanese patients, median overall survival was not estimable (95% confidence interval, 7.4 months-not estimable) with axitinib/gemcitabine (n = 58) and 9.9 months (95% confidence interval, 7.4-10.5) with placebo/gemcitabine (n = 56) (hazard ratio 1.093 [95% confidence interval, 0.525-2.274]). Median survival follow-up (range) was 5.1 months (0.02-12.3) with axitinib/ gemcitabine vs. 5.4 months (1.8-10.5) with placebo/gemcitabine. Similarly, no difference was detected in overall survival between axitinib/gemcitabine and placebo/gemcitabine in patients from North America or the European Union. Common adverse events with axitinib/gemcitabine in Japanese patients were fatigue, anorexia, dysphonia, nausea and decreased platelet count. Axitinib safety profile was generally similar in patients from the three regions, although there were differences in incidence of some adverse events. An exploratory analysis did not show any correlation between axitinib/gemcitabine-related hypertension and overall survival.
Introduction
Pancreatic cancer was diagnosed in an estimated 337 872 patients and claimed ∼330 372 deaths worldwide in 2012 (1) . The estimated incidences and deaths, respectively, were 42 885 and 41 509 in the USA, 79 331 and 78 651 in the European Union and 32 899 and 31 046 in Japan (1) . Currently, surgical resection is the only potentially curative treatment of pancreatic cancer, but patients are often diagnosed with advanced unresectable disease (2). For advanced pancreatic cancer, combination chemotherapy with FOLFIRINOX (5-fluorouracil/leucovorin, oxaliplatin and irinotecan) or gemcitabine with nab-paclitaxel or erlotinib (an inhibitor of epidermal growth factor receptor), as well as gemcitabine monotherapy, are recommended by the National Comprehensive Cancer Network (2). Pancreatic cancer is associated with the poorest 5-year survival rate (6%) of any cancer in the USA (3) . Therefore, new treatment options are urgently needed to improve survival of patients with advanced pancreatic cancer.
Vascular endothelial growth factor (VEGF) is highly expressed in pancreatic cancer, with the level of expression correlated with microvascular density (4) (5) (6) and possibly with poor prognosis (5, 6) . Axitinib is a potent and selective inhibitor of VEGF receptors 1, 2 and 3 (7), approved for second-line treatment of advanced renal cell carcinoma. Based on promising activity against advanced pancreatic cancer reported in an open-label randomized Phase II study (8) , a randomized Phase III study was conducted globally to evaluate the efficacy and safety of axitinib in combination with gemcitabine (9) . At the pre-planned interim analysis, median overall survival (OS), the primary endpoint of the study, was 8.5 months in the axitinib/ gemcitabine arm (n = 314) compared with 8.3 months in the placebo/gemcitabine arm (n = 316) (hazard ratio [HR] 1.014; 95% confidence interval [CI] , 0.786-1.309; P = 0.5436, stratified onesided log-rank test), and the independent Data Monitoring Committee (DMC) concluded that the futility boundary had been crossed (9) . Thus, the study failed to demonstrate survival benefit of adding axitinib to gemcitabine in the treatment of advanced pancreatic cancer in the overall population.
To the best of our knowledge, there has been no report describing potential geographic differences in efficacy and safety outcomes in patients with advanced pancreatic cancer treated with anticancer drugs, including antiangiogenic agents. Therefore, we have undertaken indepth analyses of the data from this Phase III study to evaluate the efficacy and safety of axitinib/gemcitabine in Japanese patients and compare the results with those from North America and the European Union in order to assess potential geographic differences in patient outcomes. In addition, based on a post hoc exploratory analysis of data from the Phase II study of axitinib/gemcitabine in advanced pancreatic cancer, which indicated a longer median OS in patients who experienced diastolic blood pressure (BP) ≥90 mm Hg during treatment compared with those who did not (8) , the exploratory analysis was expanded using the data from this Phase III study to further assess potential correlations between the axitinib efficacy outcome and hypertension in these patients.
Methods

Study design
This was a randomized, double-blind Phase III study conducted in 24 countries, including Japan. The details of the study design and treatment have been published previously (9) . In brief, eligible patients were stratified by extent of the disease (metastatic vs. locally advanced pancreatic cancer), and randomly assigned (1:1) to receive axitinib/ gemcitabine or placebo/gemcitabine. The primary endpoint was OS; secondary endpoints included progression-free survival (PFS), objective response rate (ORR) and safety. For Japanese patients enrolled in the study, an additional review of the first 16 patients was conducted by the DMC to evaluate the safety of axitinib/gemcitabine, and subsequent enrollment and initiation of treatment was based on the feedback from the DMC.
The study protocol, amendments and informed consent documentation were reviewed and approved by the institutional review boards and independent ethics committees at each center. The study was conducted in accordance with the ethical principles derived from the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice guidelines as well as applicable local regulatory requirements. All patients provided written informed consent prior to study entry. This study is registered with ClinicalTrials.gov (identifier NCT00471146).
Patients
As previously described in detail (9) , eligible patients were aged 18 years or older (≥20 years old in Japan) with histologically or cytologically confirmed metastatic or locally advanced unresectable pancreatic adenocarcinoma; Eastern Cooperative Oncology Group performance status (ECOG PS) 0 or 1; adequate bone marrow, hepatic, renal and coagulation function; and without uncontrolled hypertension, i.e. baseline BP readings must be ≤140/90 mm Hg. Use of antihypertensive medications was permitted. Exclusion criteria included prior systemic chemotherapy; prior therapy with gemcitabine, axitinib or VEGF inhibitors; or active seizure or brain metastasis.
Study treatment
Patients received gemcitabine (1000 mg/m 2 ) as a 30 min intravenous infusion once weekly for 3 weeks followed by 1 week off. Gemcitabine dose could be reduced to 750, 550 or 425 mg/m 2 to manage toxicities.
Axitinib or placebo was administered at a starting dose of 5 mg twice daily (BID) orally with food. Axitinib or placebo dose could be increased stepwise to 7 mg BID, and then to the maximum 10 mg BID, in patients who had no drug-related, Grade ≥3 adverse event (AE) per Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 for consecutive 2-week periods, and had BP ≤150/90 mm Hg without any antihypertensive medication. Axitinib or placebo dose could be reduced to 3 mg BID, and then to 2 mg BID, if necessary, to manage treatment-related toxicity. Patients were treated in 4-week cycles until disease progression, unmanageable AEs or withdrawal of consent.
Assessments
As reported previously (9) , tumor assessments were conducted at screening and repeated every 8 weeks until 28 days after the last dose and whenever disease progression was suspected. Tumor response was assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.0. Safety was monitored throughout the study and AEs were graded per CTCAE version 3.0. BP was measured in-clinic at screening and once every week. In addition, all patients were provided with a BP-monitoring device and instructed to measure BP twice daily at home and to contact their physician if BP was >150/100 mm Hg or symptoms related to elevated BP developed. Plasma level of thyroid-stimulating hormone and free thyroxine was monitored during treatment period, and hypothyroidism was treated with standard medication. Urinalysis was performed at screening and once every cycle.
Statistical analyses
Statistical analyses were previously described in detail (9) . For time-to-event endpoints (OS, PFS), median and two-sided 95% CIs were estimated using the Kaplan-Meier method in the two treatment arms in each region (Japan, North America and the European Union). The OS and PFS between the two treatment arms within each region were compared using a log-rank test (one-sided), stratified by extent of the disease. The ORR and corresponding exact two-sided 95% CI were summarized in the two treatment arms in each region, and
Cochran-Mantel-Haenszel test (two-sided), stratified by the stratification factor, was used for comparison between the two treatment arms. To explore potential correlation between OS and hypertension, univariate Cox proportional regression was performed using maximum diastolic BP during Cycle 1 as a categorical variable. Patients were divided into two groups; one group with patients who experienced maximum diastolic BP ≥90 mm Hg during Cycle 1 and the other group with patients who did not.
Results
Patient baseline characteristics
Of 632 randomized patients with advanced pancreatic cancer (n = 316 in each arm), two patients in the axitinib/gemcitabine arm did not have randomization information in the clinical database at the time of the analysis, and were excluded from the analyses. Randomized patients were from Japan (n = 114), North America (n = 158), the European Union (n = 264), Asia other than Japan (n = 55) and other countries/regions (Argentina, Australia and South Africa; n = 39). By country, Japan had the second highest number of patients closely following the USA (n = 119). Due to small number of patients, Asia other than Japan, Argentina, Australia and South Africa were not included in the current analysis. Median age and the proportion of male and female patients were comparable among Japanese, North American and European Union patients (Table 1) . However, a higher percentage of Japanese patients had ECOG PS 0 and locally advanced disease compared with those in the other two regions.
Treatments and patient disposition
The exposure to study drugs in each region as well as in the overall population is summarized in Table 2 . Median treatment duration for gemcitabine in the axitinib/gemcitabine-and placebo/gemcitabinetreated patients was generally similar between Japan and the European Union. In North America, however, patients in the axitinib/gemcitabine arm received fewer days of gemcitabine treatment compared with those in the placebo/gemcitabine arm (43 vs. 71 days, respectively), and had more gemcitabine dose interruptions (72.0 vs. 54.3%, respectively). For axitinib treatment, median duration was longest for patients in Japan, followed by those in the European Union and then North America (95 vs. 84 vs. 63 days, respectively). However, axitinib dose interruptions and dose reductions, respectively, were more frequent among Japanese patients (87.7 and 31.6%) compared with those in North America (78.7 and 16.0%) or the European Union (64.6 and 26.0%).
At the time of final analysis (data cutoff date: 23 January 2009), 24 and 27% of Japanese patients in the axitinib/gemcitabine and placebo/ gemcitabine arms, respectively, discontinued study treatment, whereas a higher percentage of patients in North America (74 and 67%) and in the European Union (50 and 56%) discontinued treatment. The main reason for discontinuation in each arm was disease progression.
The most common systemic treatment administered to Japanese patients following the study treatment was S-1, whereas gemcitabine, 5-FU and oxaliplatin were the common follow-up treatments received by patients in North America and the European Union (Supplementary Material 1).
Efficacy
The OS in the overall study population and individual region by study treatment arm is presented in Table 3 . In the overall study population, there was no statistically significant difference in OS between the axitinib/gemcitabine and placebo/gemcitabine arms (HR 1.014; P = 0.5436; Fig. 1A ), as previously reported (9) .
Since the study was terminated, which was recommended by the independent DMC due to the futility at the interim analysis, median survival follow-up period among all Japanese patients was short as well as those in other regions. The HR for OS between the axitinib/gemcitabine vs. placebo/gemcitabine arms in all Japanese If patients took at least some gemcitabine, they were considered to have started a cycle. c n = 304 and 302 for Axitinib/Gem and Placebo/Gem, respectively, in the overall study population; n = 74 and 79 for Axitinib/Gem and Placebo/Gem, respectively, in North America; and n = 123 for Placebo/Gem in the European Union. Time period starting from date of the first dose to date of the last dose or data cutoff. e (Actual total dose/intended total dose) × 100. f n = 55 and 53 for Axitinib/Gem and Placebo/Gem, respectively, in Japan; n = 72 and 79 for Axitinib/Gem and Placebo/Gem, respectively, in North America; and n = 125 and 124 for Axitinib/Gem and Placebo/Gem, respectively, in the European Union. g Total number of days on which axitinib or placebo was actually administered. patients was 1.093 (95% CI, 0.525-2.274; P = 0.5937; Fig. 1B) . In Japanese patients with locally advanced disease, HR for OS was 1.939 (95% CI, 0.319-11.787; P = 0.7678), whereas in those with metastatic disease, it was 0.972 (95% CI, 0.435-2.170; P = 0.4721) (Table 3) . Similarly, median OS did not differ between the two treatment arms in patients from North America or the European Union (Fig. 1C and D) .
The PFS in each treatment arm is summarized in Table 4 . In the overall study population, PFS was also similar between the axitinib/ gemcitabine and placebo/gemcitabine arms (HR 1.006; 95% CI, 0.779-1.298; P = 0.5203; Supplementary Material 2A) (9) . Among all Japanese patients, there was no difference in median PFS between the two treatment arms (HR 0.905; 95% CI, 0.416-1.968; P = 0.5995; Supplementary Material 2B). There was no difference in PFS between the two treatment arms in patients from North America or the European Union as well (Supplementary Material 2C and D) .
The ORR in the overall population was numerically higher with axitinib/gemcitabine than placebo/gemcitabine (4.9 vs. 1.6%, respectively; P = 0.038). The ORR for the axitinib/gemcitabine and placebo/ gemcitabine arms, respectively, was 6.7% (95% CI, 0.8-22.1) and 0% (95% CI, 0-9.7) (P = 0.145) in Japanese patients, 3.1% (95% CI, 0.4-10.8) and 2.6% (95% CI, 0.3-9.2) (P = 0.885) in patients in North America, and 4.6% (95% CI, 1.5-10.5) and 1.0% (95% CI, 0-5.3) (P = 0.117) in patients in the European Union.
Safety
All-causality AEs reported by >20% of patients in each arm in the overall study population and in individual regions are summarized in Table 5 . Among Japanese patients, fatigue, anorexia, dysphonia, nausea and decreased platelet count were common AEs in patients treated with axitinib/gemcitabine, whereas anorexia and decreased neutrophil count were common with placebo/gemcitabine treatment. Grade ≥3 AEs reported by ≥10% of Japanese patients included decreased neutrophil count, anorexia, decreased platelet count and hypertension with axitinib/gemcitabine, decreased neutrophil count and decreased platelet count with placebo/gemcitabine. The profile of common AEs was generally similar between Japanese patients and the overall study population, North American or the European Union patients, although there were some differences in incidence rates for some AEs. Axitinib/gemcitabine vs. placebo/gemcitabine; assuming proportional hazards model, a hazard ratio <1 indicates a reduction in hazard rate in favor of axitinib/ gemcitabine and a hazard ratio >1 indicates a reduction in favor of placebo/gemcitabine. Axitinib/gemcitabine vs. placebo/gemcitabine; assuming proportional hazards model, a hazard ratio <1 indicates a reduction in hazard rate in favor of axitinib/ gemcitabine and a hazard ratio >1 indicates a reduction in favor of placebo/gemcitabine.
In Japanese patients, axitinib/gemcitabine treatment was associated with higher (>20%) incidence of all-causality fatigue, diarrhea, hypertension, dysphonia, stomatitis and hand-foot syndrome than with placebo/ gemcitabine treatment. In addition, hypothyroidism and proteinuria were more common in Japanese patients treated with axitinib/gemcitabine compared with placebo/gemcitabine (hypothyroidism: 8.8 vs. 1.8%; proteinuria: 15.8 vs. 5.4%), but the majority were Grades 1-2.
AEs that led to discontinuation of axitinib treatment in Japanese patients were fatigue, general physical health deterioration, pneumonia, anorexia, neoplasm progression, gastrointestinal perforation and intestinal fistula (one patient [1.8%] each). General disorders (8.0%), including asthenia (4.0%), gastrointestinal disorders (4.0%) and psychiatric disorders (2.7%), were the reasons for axitinib treatment discontinuation in patients in North America, and general disorders (3.9%), including disease progression (2.4%), and hepatobiliary disorders (2.4%), among patients in the European Union.
Exploratory analysis for relationship between OS and hypertension
The results indicated that there were no notable differences in OS between axitinib/gemcitabine-treated patients who experienced hypertension (maximum diastolic BP ≥90 mm Hg) during Cycle 1 compared with those who did not develop hypertension in the overall study population, in North America or the European Union (Fig. 2A, C  and D) . Among Japanese patients treated with axitinib/gemcitabine, OS seemed to be slightly longer in those who experienced hypertension than those who did not (Fig. 2B) . However, it is unlikely of clinical significance since it was similar to that in placebo/gemcitabine-treated Japanese patients who did not experience hypertension.
Discussion
The current analysis by region (Japan, North America and the European Union) of the Phase III trial of axitinib in combination with gemcitabine in patients with advanced pancreatic cancer revealed several findings. First, a combination treatment of axitinib and gemcitabine did not improve OS over gemcitabine alone in Japanese patients with advanced pancreatic cancer, which is consistent with results reported in the overall study population (9) . Similarly, no survival benefit of adding axitinib to gemcitabine was observed in patients in North America or in the European Union. Second, although the previous Phase II open-label randomized study suggested greater survival benefit of axitinib/gemcitabine in patients with locally advanced than metastatic pancreatic cancer (8) , this Phase III study failed to confirm better survival in patients with locally advanced disease in any of the three regions. Third, no difference was found for PFS between the two treatment arms in each region. Although the use of follow-up systemic treatment ranged between 9.1% and 22.2% in the three regions, interpretation of such data to determine their impact on OS would be complicated, given that many of the patients were still on study treatment at the time of the final analysis. It is noteworthy that HR for OS was close to 2 for locally advanced disease and ∼1 for metastatic disease in each region. These results suggested that patients with locally advanced and those with metastatic disease might not respond to study treatment in the same way and thus should be evaluated separately in a clinical study, as has been done in some other Phase III studies (10, 11) . Although the lack of efficacy with the combination therapy was consistent across the three regions evaluated, we observed some geographic differences in clinical practice as well as baseline characteristics of patients enrolled in the study. Patients in Japan received gemcitabine treatment for the longest duration (5 and 4 cycles started and 119 and 99 days on gemcitabine treatment in the axitinib/gemcitabine and placebo/gemcitabine arms, respectively) and those in North America were the shortest (2 and 3 cycles started and 43 and 71 days, respectively). Generally, longer treatment duration as observed with gemcitabine in Japanese patients in this study may contribute to the better efficacy. The majority of patients in Japan (78 and 77% in the axitinib/gemcitabine vs. placebo/gemcitabine arm, respectively) had ECOG PS 0, in contrast to 38% of patients in either arm in North America. The percentage of patients who had locally advanced rather than metastatic disease was highest in Japan (31 and 34% in the axitinib/gemcitabine vs. placebo/gemcitabine arm, respectively) and lowest in North America (20% in either arm), which might have impacted treatment duration. During treatment, the percentage of Japanese patients with axitinib dose reduction or dose interruption was higher than that in the other two regions, and conversely, a lower percentage of Japanese patients had axitinib dose increase. It is noteworthy that axitinib plasma exposures were similar between Japanese and Caucasian subjects (12, 13) . Thus, axitinib pharmacokinetics does not seem to account for the higher rate of axitinib dose decrease or the lower rate of axitinib dose increase in Japanese patients. The higher percentage of patients with dose reduction for gemcitabine or axitinib in Japan than in the other two regions could be partly explained by the fact that Japanese patients were on treatment longer, and thus, had more opportunities for dose reduction.
Common AEs experienced by Japanese patients treated with placebo/gemcitabine in this study included anorexia, fatigue and gastrointestinal and hematologic toxicities, which were similar to those reported previously in Japanese patients with advanced pancreatic cancer treated with gemcitabine (14) (15) (16) . Addition of axitinib to gemcitabine was associated with ≥20% increase in the incidence of dysphonia, stomatitis, hypertension, fatigue, diarrhea and hand-foot syndrome in Japanese patients, but not among patients in North America or the European Union. Decreased platelet counts, neutrophil counts, white blood cell counts and hemoglobin levels were more frequently reported by Japanese patients treated with either axitinib/ gemcitabine or placebo/gemcitabine compared with patients in North America or the European Union. On the other hand, neutropenia, thrombocytopenia and anemia were more common in patients in North America and the European Union. In light of the fact that axitinib plasma exposures were similar between Japanese and Caucasian (12, 13) , it is unclear whether differences in some AEs between Japanese patients and patients from the other two regions indicate pharmacogenomic differences. Additionally, the use of different terminologies (e.g. 'neutropenia' vs. 'decreased neutrophil count') by the investigators in different regions might have led to some extent to the different incidence rates of hematologic toxicities. Although there were some notable differences in the incidence of some AEs, the current analysis showed that the safety profile of axitinib in Japanese patients was generally comparable to that observed in patients in North America or the European Union.
Hypertension is a known AE associated with axitinib treatment, and a correlation between BP and efficacy outcome has been shown in axitinib-treated patients with advanced renal cell carcinoma (13, 17) . An exploratory analysis of data from the Phase II study of axitinib/gemcitabine suggested a possible association between hypertension and OS in advanced pancreatic cancer (8) . However, the current analysis did not reveal any significant relationship.
The limitation of the current analyses is that follow-up period in this Phase III study was short, and consequently, there were few events that had occurred before the study was terminated. Hence, OS did not mature at the time of the interim analysis. The lack of efficacy for the combination therapy seen here, however, is in line with disappointing results reported in other randomized Phase III studies of gemcitabine in combination with two other antiangiogenic agents, bevacizumab or sorafenib (18) (19) (20) . These results suggest antiangiogenic agents, including axitinib, do not appear to enhance the survival of patients with advanced pancreatic cancer when combined with gemcitabine. Hence, novel agents with different mode of action and/or new approaches are needed to improve survival in these patients.
In conclusion, the addition of axitinib to gemcitabine did not improve OS in patients with advanced pancreatic cancer in Japan, North America or the European Union. Although incidence rates for some AEs differed between patients in Japan and those in the other regions, the nature of common AEs and overall safety profile were generally similar.
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